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Abstract
The low-energy electron-electron scattering potential is derived and
discussed for the Maxwell-Chern-Simons model coupled to QED3 with
spontaneous symmetry breaking. One shows that the Higgs mechanism
might favour electron-electron bound states.
1 The Maxwell-Chern-Simons QED3
The action for the Maxwell-Chern-Simons model coupled to QED3 [1] with a







FµνFµν + i γµDµ +
1
2
µναAµ@νAα −me  +
− y  ’’+Dµ’Dµ’− V (’’)
}
; (1)
where the V (’’) is a sixth-power potential, being the most general renormal-
izable U(1)-invariant potential in three dimensions [2]:







1The metric is µν=(+;−;−); , =(0; 1; 2), and the γ-matrices are taken as
γµ=(z ; ix;−iy).
1
Aµ  ’ me  e y   
d 1=2 1 1=2 1 1 1=2 0 1 1 0
Table 1: Mass dimensions of the elds and parameters.
The covariant derivatives are dened as follows:
Dµ = (@µ + ieAµ) and Dµ’ = (@µ + ieAµ)’ : (3)
In the action SQED, Eq.(1), Fµν is the usual eld strength for Aµ,  is a spinor
eld describing a fermion with positive spin polarization (spin up) and an anti-
fermion with negative spin polarization (spin down) [2], whereas ’ is a complex
scalar eld. In three space-time dimensions the positive- and negative-energy
solutions have their polarization xed by the signal of mass in the Dirac mass
term [3, 2]. The mass dimensions of all the elds and parameters are displayed in
the Table 1. The sixth-power potential is the responsible for breaking the elec-
tromagnetic U(1)-symmetry. Analyzing the structure of the potential V (’’),
one must impose that it is bounded from below and it yields only stable vacua
(metastability is ruled out). These requirements reflect on the following condi-
tions on the parameters ,  and  [2]:




Considering h’’i = v2, the vacuum expectation value for the scalar eld
product ’’ is given by











while the minimum condition reads
2 + v2 + v4 = 0 : (6)
In order to preserve the manifest renormalizability of the model, one adopts












Then, by adding it up to the action (1), and assuming the following parametriza-
tion for the scalar eld,
’ = v +H + i ; (8)
where H represents the Higgs scalar and  the would-be Goldstone boson, the
Maxwell-Chern-Simons QED3 action with the U(1)-symmetry spontaneously
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µναAµ@νAα − 12 (@
µAµ)2 +
+ (iγµDµ −m) + @µH@µH + @µ@µ − M2A2 +
− y  (2vH +H2 + 2) + 2eAµ(H@µ − @µH) +
+ e2AµAµ(2vH +H2 + 2)− 2((v +H)2 + 2) +
− 
2
((v +H)2 + 2)2 − 
3
((v +H)2 + 2)3
}
; (9)




2e2 ; m = me + yv2 and M2H = 2v
2( + 2v2) : (10)
2 Low-energy electron-electron scattering poten-
tial
The issue of electron-electron bound states in the Maxwell-Chern-Simons model
coupled to planar QED has been addressed in the literature, since the end of the
eighties [4, 5, 6, 7], motivated by possible applications to the parity-breaking
superconductivity phenomenon.
In order to compute the scattering potential through the Mller electron-
electron amplitude, we show the propagators associated to the Higgs (H), the
fermion ( ) and the massive gauge boson (Aµ), which stem straightforwardly
from the action (9), as presented below
h (k) (k)i= i =k +m

























The non-relativistic scattering potential is nothing else than the two-dimensional





Mnrtotal ei~k~r : (12)
The s-channel amplitudes for the e−{ e− scattering mediated by the Higgs and
the gauge eld are listed below:
1. Scattering amplitude by the Higgs:
−iMe−He− = u(p1)(2ivy)u(p01)hH(k)H(−k)iu(p2)(2ivy)u(p02) ; (13)
3
2. Scattering amplitude by the massive gauge boson:
−iMe−Ae− = u(p1)(ieγµ)u(p01)hAµ(k)Aν(−k)iu(p2)(ieγν)u(p02) ; (14)
where k2=(p01−p1)2 is the invariant squared momentum transfer.
Now, bearing in mind that the non-relativistic e−{ e− scattering poten-
tial in the Born approximation is obtained from the total scattering amplitude
(Me−He−+Me−Ae−) through the Fourier transform given by Eq.(12), one gets:

























where the positive denite constants C+, C−, C, and the squared masses M2+






















with the mass poles M2+ and M2− representing the two massive propagating
quanta.
It should be stressed here that, by considering only the one-photon exchange
diagrams in the non-relativistic limit, gauge invariance is spoiled [8], therefore,
two-photon exchange contributions have to be taken into account [7, 9]. By
adding up the two-photon contributions, so as to preserve gauge invariance,
and the centrifugal barrier, to Eq.(15), the eective electron-electron scattering
potential reads:






























where the term, in Eq.(18), proportional to C2 arises from the two-photon
exchange diagrams [7, 9].
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3 Conclusions
The non-relativistic e−{ e− scattering potential in the Born approximation for
the Maxwell-Chern-Simons model coupled to QED3 with spontaneous breaking
of a U(1)-symmetry, given by Eq.(18), can be attractive provided a ne-tuning
on the parameters is properly chosen.
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